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ABSTRACT
This paper covers NASA organization for metrication, NASA
metrication )olicy, a synoptic view of NASA metrication
from 1964, NASA participation in Federal Agency adivfties,
NASA Interaction with nongovernmental metrication orga-
nizations and the proposed NASA Metrication Assessment
Study.
,`^ ^'^l SLti l^r^Z t1Zh:^
Creativr Mwrwlacturing E#WnNrir ,'yW&vS
rn
cV b u^
^D V	 ..
1+ F u'
s: c. C.
r
f"
TECH111CAL PAPER
WIEEa&M4bwMW W 4*9
W	 Ao 
	
it	 b	 Yt	 YO 	 d1	 ^F	 ,.
INUX TERMS
Metrication
••
MANUFACTURING
ENG14EERS
20501 FORD ROAD
P.O. BOX 930
DEARBORN
MICHIGAN.48128
NASA METRICATION ACTIVITIES
By
In w
w v^
H O
H ^J
> u
H v,t• u
u
sr o
U	 •s
H Q^
L) R. \
H 1!1 v
a. O
k^ Q
>t' b CJ
tn^ 
Cr
f^: Y!
V: V R.
^^ o G
ry u o
V) ^^ •.^
b
t. rd 41
1	 _	 -
V, t j .-4
' b o
v v ,,;
MI. INTRODUCTION
1	
_^
In 1977 the Society of Automotive rro-ccrs extended ar. invitation to
NASA to participate in the k'ESTEC '7R Ccnlerenee vhicb war, scheduled
for March in Los Angeles, California. The purpor;e of tie NASA par-
ticipation was to discuss NASA Hetrlcaticr and re l ated activities,
primarily between 1976 and 1978. ThIr Faler !s irterded to cover six
topics: (1) NASA organizatlor. for metrication, (2) NASA metrication
policy, (3) r synoptic view of NASA metrication since 1964, (4) par-
ticipation to Federal Agercy- activitite, (5) Interactions with non-
govttnrental organizations, and, (6) the proposed NASA Metrication
Assessment Study.
II. NASA OR(:ANI2ATION FOR METRICATION
The NASA Metrication Program currently is undtr the cognizance of the
NASA Chief Fngineer. He was assigned responsibility for the program
by the NASA Administrator, in August, 1977. Previously, the progratr,
was the responsibility of the Assistant Administrator for Industry
Affairs and Technology Utilization. However, brginning In 1976 a
raview of NASA metrication activities shu , .ed that 95 percent of the
workload retlded in the areas of engineering and the concomitant met-
rication of specifications, standards a.id related documentation.
S i nce the NASA Claef Engineer already had been assigned responsibility
for tnese engineering activities, it wrs only lo}ical that the remain-
Inp 5 percent of the workload be assigned to the saee office. Subse-
quently. with NASA reorganization, the Office of Industry Affairs and
Technology Utilization was disestab li -bal.
^.<	 Since metrication touches ul.on almost every aspect of NASA programs,
the following actions were swiftly taken couvencing in 1976: (1)
appointment of a NASA Me^ric Coordinator, (2) designation of metric
representatives from the lleadquarters Program and Staff Offices. and
(3) appointment or re-appointment of Metric Coordinators at the 9
NASA Centers, the Jet Propulsion Laboratory, and the National Space
Technology Laboratories (at Bay St. Louls, Mississippi).
III. NASA METRICATION POLICY
The first formal NASA Policy Directive pertaining to metrication,14PD
2220.4, was issued in `:eptemler 1970. This d1rective stated;
"Measurement values empluyea in NASA lec:rnical Reports, Technical
Notes, Technical Memoranda, iontractec Reports and Special Pub-
lications shall be expressed L• the International System of Units
(SI)"
Beginning in 1S'6 a NASA management issuarcc was drafted by Head-
quarters Vetricatfon representatives, and staffrd informally with the
NASA Centers in 1977. A file of the completed r.raft was forwarded to
the Office of the NASA Chief Fngineer in January 1978. It contained
many of the provisions of the gufdclineb for metrication policy
approved by the Metrication Subcommittee of the Intet :rgency Committee
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on Standards Policy, and included costing guidelines initially devel-
oped under the guidance of the Office of the NASA Comptroller.
However, due to the exigencies of reorganization, and the proposed
NASA Metrication Assessment Study, a NASA Notice, NN8010, The Inter-
nat 4 ^nal _§yetem of Units, February 6, 1978 was issued. Thu notice
provides interim guidance for one year. The salient points are:
N, SA will use the SI:
(1) In concert with the National Metrication Program
(2) As availability emerges in 'rdustry
(3) Where contractor or grantee activillps are conducted in
metric
(4) Where a specific need exists, e., , in metric interface
hardware
(5) Where there is a dellnite economic, operational or other
significant advantage
TV. NASA MFTRICATION ACTIVITIES SINCE 1964
As early as 1964 NASA recommended in the hA$A PuIz11SijJM. Manual,
SP-7013, the use of S1 units. Authors and writers were required to
use ST It SI units posed no difficulty in the interpretation of
results, and parallel usage if difficulty was anticipated by S1 units
alone. Also in 1964 NASA published The International Sy s tem of
Unit s. SP-7012, as a guide for aerospace units. In 1975, the second
revision of SP-7012 was issued.
Of greater significance, In 1964, was the work for conversion to use
of the metric system at the Marshall Space Flight Center (MSFC) under
the auspices of Werner Von Braun. The formal plans, policy statement,
and training for metrication were shelved at MSFC even though the U.S.
standards of weights and measures were metric standards and had a
statutory basis, because the rest of the country had nc: even bc^i^
to consider overall metric usage. It is somewhat Ironic that the
same viblonary people who did so much to advance man's efforts in
space, albo were so far ahead in their percepti,n of the need for the
use of SI, a far simpler system than those in general use In tl-_
United States at that time.
NASA's participation from 1968 to 1971, with the Department of Com-
merce in conformance with the Metric Study Act of 1968, is a matter
of record in NBS SP 345-2, one of thirteen Interim reports forwarded
by the Secretary of Commerce to the Conpress In 1970-71. It was
during this period that the initial (and interim) organization for
reporting on metric conversion was established. During this same
period NASA, under the direction of the Deputy Administrator, formu-
lated the policy on use of SI in technical reports which culminated
in the issuance, in 1970, of NPD 2220.4 (see para. 3, above), and
initiated the practice of using SI in Congressional presentations and
news releases.
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In 1974, metrication was 111aved under the Office of t ndustry Affairs
a,d Technology Utilization, and responsibility for the program was
assigned to the low Cost System4 Office. Between 1974 and 1976, the
Low Cost Systems Office initiated action on and cocrdinatcd zany act
-Ivitles in the establishment of metric sitcificatiot— and standards.
The Marshall Space FlfFIit Center was given the responsibility of pro-
viding representation to the Department of Commerce/National Bureau of
Standards interagency Sctew Thread Lenr.tttee, and tc the Society of
Automotive Engineers, which had become the U.S. leader in the develop-
ment of metric standards, particularly for fasteners.
In 1976, the Deputy Director of the NASA lltadquarters Scientific and
Technical (STI) Office was rppofnted the NASA Metric Coordinator.
This followed Immediately cn the signing of the Metric Conversion Act
to December 1975, and a request In early 1976 by the Secretary of Com-
merce for the appointment of a NASA member to the Metrication Subcom-
mittee of the Interagency Ccmnnittee on Standards Policy (ICSP). NASA
responded by changing Its representation to the ICSF from that of
observer to full men...ership, and appointing the new NASA Metric Coord-
inator as a member of the Metrication Subcommittee.
Beginning in 1976, NASA established its internal organization for met-
rication coordination (see para.11, above), initiated action on prep-
aration of metrication policy (see para. I ll,above), and began to form-
ulate the metriration assessment requirements. In this latter endea-
vor, acknuwledgement is made of the superb coordination and excellent
assistance provided by personnel of the Goddard Space Flight Center,
the Langley Research Center, the Marshall `'pace Flight Center, and tht
NASA Scientific and Technical Information Facility.
In 1977, NASA published its first comprehensive metrication biblio-
graphy as a NASA Technical Memorandum. The bibliography was prepared
by personnel at the Marshall Space Flight Center. Its comprehensive
coverage, quality, and utility are attested to by the many requests
and complimentary remarks that ltave been received as a result of its
publication.
During, this period NASA also provided representation to the U.S. Met-
ric Association, the American National Metric Council (ANYC) and the
Aerospace Industries Association.
V. FFDFRAL AGENCY ACTIVITIES
NASA metrication coordination with the Federal Departments and Agen-
cies has been carried out primarily through the Metrication Subcom-
mittee of the ICSF, which provides the locus for interaction between
tl,e metric coordinators of the various agencies. Perhaps the greatest
Interactions have been with the Departments of Agriculture, Commerce,
Defense, Encrgy, Interior,and Transportation, and the Small Business
Administration.
In addition to participation in Metrication Subcommittee activities,
NASA also appointed its Metric Co.,rdinator to serve as n member of the
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Lxecutive board of the Subcom= ittee. Accompllshr ents of the Subcom-
mittee to date are:
(1) Preparation of the Subcinamittee charter
(2) Advising the 1CSP of the need for a high-level Metrication
Policy Coemittee
(3) Preparation and adoption by the Federal Agencies of guidelines
for preparation of agency metrication policy directives
(4) Preparation and adoption of procedures for establishment and
operation of "Divisions" of the Subcommittee
(5) Fatabllshoent of Eight Divisions and One Vorking Croup:
1. Metric PraL'ticeb
and Preferred Units
2. Transportation
3. Construction
4. Regulatory and Legal
5. Fnergy
6. Awareness and Training
7. Consumer Affairs
8. Procurement and Supply
and one
Infurmation Working Croup
Department of Commerce
Department of Transportation
Department of Defense
Department of the Interior
Depa.tment of Unergy
Civil Service 1:ommission(tentative)
Department of Agriculture
Department of Defense
Department of Agriculture
(6) Preparation and adoption of guidelines for Federal Agency inter-
action with non-F(M erai Agency tetrication activities
(7) Interpretation of the requir a ents of 1175-168 on the Federal
Agencies
In addition to the cooperatfvc efforts with the Federal Agencies
through the Metrication Subcommittee, close coordination has been main-
tained with the Department of Defense and the Federal Aviation Adminis-
tration (FAA) on aerospace metrication. Both NASA and DOD partici-
pated with the FAA in the FAA Consultative Planning Conference on
Novtmber 15, 1 4 .6, on Aviation Metrication. The cooperation RASA has
received in aerospace metrication from both agencies and from the DOD
on programs for metrication of specifications and standards has been
exemplary.
VI. NONGOVERNMENTAL METRICATION ACTIVITIES
NASA's participation in nongovernmental metrication activities has
been carried out primarily in conjunction with four organizations
in. ,31ved in metrication, the U.S. Metric Association, the American 	 •.
National Metric Council, the Aerospace industries Association and the
Society of Automotive Engineers. Because of the long and close assoc-
iation between personnel at the Marshal; Space Flight Center (MSFC)
and the U.S. Metric Association, NASA has relied on MSFC to continue
to provide the liaison and representation, with headquarters involve-
ment only on an as-net-ded basis. The relationship with the U.S.
Metric Asbuclation has been most constructive, informative and reward-
ing.
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NASA, like other Federal Agencies, provides direct representation to
the :.merlcan National Metric Council via tie NASA Metric Coordinator.
In addition, NASA provides representation to the Engineering Coordina-
ting Committee directly from the Office of the I:ASA Chief Engineer, to
the Construction Industries Coordinating Committee from the Office of
Facilities, and to the Aerospace Sectcr Cormittee by the NASA Metric
Coordinator. Representation to the Aerospace Sector Planning Cow ittee
and the four Aerospace Subsecturs is provided by two teams, one from
the Fast Coast comprised of personnel from Yeadquarters and the Goddard
Space Flight Center, and the other from. the Keat Coast comprised of
personnel from. the Ames Research Center (which provides hest Coast
coordination), and the Jet Propulsion laboratory. This arrangement
results from the fact that the Aerospace Sector Committee holds two
national meetings each year, one on the East Coast and the other on the
Kest Coast. It also permits a greater direct participation and aware-
.iess by NASA personnel on metrication in aerospace and aerospace-
related areas.
The Aerospace Industries Association (AIA) provides the Executive Secre-
tarlate for the Aerospace Sector Committee and for the International
Standards Organization Technical Committee (TC) 20 on Aerospace. N,*. SA
representation to the AIA has involved three areas: (1) the ASC pr,.vi-
ously discussed, (2) the National Aerospace Standards administered by
the ALP., and (3) the ISO standardization activities with point-of-
contact being in tie Office of the NASA Chief Engineer. NASA Head-
quarters has agreed to provide the meeting site for the 1978 inter-
national meeting of the ISO TC 20, which is being held this year in the
United States.
For many years, NAPA participation with the Society of Automotive Engi-
neers (SAF) has been through the Marshall Space Flight Center particu-
larly in their standardization endeavors. Since 1977 the headquarters
point-of-contact for the SAE tins resided In the Office of the NASA
Chief Engineer.
Like the relationship with both the U.S. Metric Association and the
A*!C, the relationship with the AIA and the SAE has been must rewarding
and exemplary. With industry providing the leadership and the per-
sonnel through these, and other, representative organizations, it
should not be surprising that the U.S. metrication endeavors have been
able to make Such progress. In international metrication, to any
casual observer, if anything raises a specter of horror to the British,
it is the fact that even though the United States started about ten
years later than the British, the Americans just might beat the British
in completion of the metrication changeover.
NASA also has been the recipient of the experience of metricationi In
the U.S. automotive industry. American Motors, Ceneral Motors, C`irys-
ler Corporation, the Ford Motor Company and the International tiarvoster
Corporation have been most generous In sharing their experience and
know-hew, particularly during the 1976 in-house review of NASA metri•
cation activities. Of particular merit has been the ability of the
automotive industry Lind its 40,000 suppliers to effect such a smooth
(-)RIGINAL PAGE 1$
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transition particularly in so large an crdeavor without dislocations
in the national econe*cy.
Last but not feast the Aerospace Industry has been Croat cooperative
In sharing Its metrication know-how with NASA. The problems of met-
rication within the aerospace Industry are somewhat difftrent from
that of the autcenotive industry because of the relatively long-life
bpan (30 to 40 years) for aircraft. In addition, beca.ise of the
Interdependency of the alreraft Industry for its cotrponents and sub-
assemblies, the metrication of aviation alone is far more complex
th.ir. might be expected at first glance. This Is especially critical
in the area of aviation flight and safety. Like the automotive
industry,the aerospace Industry has been moat generous In sharing Its
metrication expertise, not only with FASA but with the other Federal
Agencies. This has been particularly true in the activities of the
Aerospace Sector Cotr.mittee of the AMIL. NASA is particularly pleased
to acknowledge the contributions of the Boeing Commercia, Airplane
Company, McDonnell-Douglas Corporation, Northrop Corporation, (.roman
Corporation, and the Central Dynamics Corporation.
VII. NASA METRICATION ASSESSMENT STUDY
The inception of the metrication assessment study began In 1975. In
the review of NASA metrication activities, at that time, four ques-
tions were posed:
(1) What legislation pertaining to metrication was still on
the statute books?
(2) What is the status of metrication In the other Federal
Agencies and in the public and private sectors?
(3) What is the status of t.etricaticn In NASA?
(4) 1.?rat should a the content and thrust of a NASA metri-
cation program, and wluit !s the estimated cost?
The NASA Metrlcatten Assessmen` Study is Intended to provide answers
to questions 3 and 4.
The content of the study and its orranization were developed in con-
junction with the NASA Headquarters metrication representatives.
Twenty-two activities were identified and defined, and provision was
made for the NASA Centers to add new activities with the requirement
that any added activities be defined. The twenty-two activities are:
Item	 Activity
1. Safety	 .• V
2. Real Property and Facilities Planning
3. Facilities Design and Construction
4. Facilities Operations and Maintenance
S.	 Research/Technical Facilities Operations
6. Aircraft Operationo-
7. Automated Data Processing
8. Systems Design and Development
9	 Space Flight
10.	 Research Activities:
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Item	 ActtyLtj (evntinued)
11.	 Development Activities
lLtrd wete Systems .ngineeting (Design and Developmert)
13. Administration and hlanagercnt
14. Procurement acid Contracting
15. Lop,21
16. Reliability and Quality Asburante
11.	 Awateness atui training
lb.	 Public Affairs
19. Applications
20. Tracking and Data Acquisition
21. hfeaitIt
12.	 Personnel Operations
1he activities are to be repotted in terms of five functional/open
ational categories:
(1) Operational Systev, Applicatloi or Procedure
(2) Documentation, Reference and Records
(5)	 Fqulpmcnt Pe.luirement
(4)	 Tools and Adds Needed
0)	 Supplieb hequired
The study Is organized Into four sections: (1) Technical and other
Factors. (2) Awareness and Training, (3) Coct, and (4) A Specifi-
cation and Standards Inventory. Section i requires a discussion
of what Lite overall NASA program should be, at the international,
national and interagenev levels, and the areas in aerospace met-
rication In uhich NASA should play a leadership role; and a dis-
cussion of the Center's program, where thev have a specific
expertise. and where and why they should assume a leadership role.
The auareness and training requirement is to addtess the haste
questionb of: (1) who is to be trained (general orientation and
top manat,.en.ent; clerical and administrative; scientists, engineers
and other professionals; trades and shops; and intermediate man-
agers and supervisots); (2) what the trainitw.. programs should
consist of, and (3) how the training is to be effected.
The cost section is to cover metrication over a tin:a-triune of 1,
2, 3. 4. 5. 6-10. and 11-1j years assuming. a base year of FY 1981.
The year 1981 was chosen as a point of departure for uniform cost
comparison and has no other significance.
The specifications and sta nlards Inventories cover: the NASA spec-
ifications, standards, prextdures, handbooks, etc., recommended
for metrication, as well as the Mdlitarv, Federal. National, Inter-
national and industrial standards that should be invited to the
attention u( Lite proponent organization an a candidate for metri-
cation. Because of the direct cout of metrication and the indi-
rect coat of the confusing proliferation of specifications and
std ndards, it will be necessary that NASA cooperate in a national
effort to standardize to the extent practicable. The Centers'
lists will be consolidated for review, and a plan will be
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Implemented to reduct' unnecebbary redurdarwy and overlap.
If the btudy is undertaken during the current year, tla • report
should be ready for release in late 1978 or early 1979.
VIII. SUMMARY Ah1) CCNCLUSIOK
This report has addressed the six areas that highlipht NASA Retrica-
tlon and related activities. 1hv overrldirg puldcline 1: that NASA
should keep pace with the national etfort. For NAFA to proceed
either too fast or too sloe. in its metrication efforts to to incur
or caube unwarranted costa to others.
Metrication at hest Is a synchronized, cooperative endeavor invul y
-ing parti-1 pants at all levels. From a national joint-nf-view, it
is evident chat the metrication effort has been slowed by the dela!,
in the establishment of the U.S. Metric Bu.ird. Iloweve. , it is
heartening to note that the cooperative efforts between Kovernment,
industry and the private sectors have pruvidtd the mvchanismr, fcr
metrication to move forward on an area-by-area and an Industry-by-
industry front. That most sectors have participated cooperatively,
freely and openly at all levels, on a voluntary halls is indeed a
tribute to American enterprise, spirit and ingenuity. That the
United States will become a metric nation is inevitable, and c.uch of
the credit for smoothing and ameliorating the Impact of metrication
will be due to a continuation of the open, voluntary and cooperative
spirit that has been effected by all segments of this Yation. The
Metrication Session of KESTFC '78 Is but one manifestation of this
truly American phenomenon.
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